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(57) A reception weight calculation section 203 cal- 
culates reception weights W 1 and W 2 every antenna us- 
ing an optimal directional control method in order to im- 
prove interference cancellation effect, an arrival direc- 
tion estimation section 204 estimates a direction of ar- 



rive of a received signal for each antenna to calculate 
steering vectors St and S 2 for each antenna, and a rep- 
lica weight calculation section 211 calculates replica 
weights W r1 and W r2 using the reception weights W,, 
W 2 and steering vectors S-,, S 2 . 
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Description 

Technical Field 

[0001] The present invention relates to a radio receiv- 
ing apparatus and a radio receiving method used in a 
mobile communication system of CDMA (Code Division 
Multiple Access). 

Background Art 

[0002] In a mobile communication system of CDMA, 
since a plurality of user signals is transmitted in the 
same band, a signal that a radio receiving apparatus re- 
ceives is subjected to interference by various signals to 
cause deterioration of characteristics. 
[0003] An array antenna is known as an apparatus for 
eliminating the interference. The array antenna is com- 
posed of a plurality of antenna elements, and is capable 
of setting reception directivity freely by providing adjust- 
ment of each of amplitude and phase to a signal re- 
ceived by each antenna element. In this case, adjust- 
ment of amplitude and phase provided to the received 
signal can be carried out by multiplying the received sig- 
nal by weighting factor (hereinafter referred to as "re- 
ception weight"). The radio receiving apparatus can in- 
tensively receive only a signal coming from a desired 
direction by adjusting the reception weight by which the 
received signal is multiplied. 

[0004] Another apparatus for eliminating the interfer- 
ence, an interference canceller is known. The interfer- 
ence canceller is a technique for canceling a signal (in- 
terference) transmitted from other communication part- 
ners other than current communication partner from the 
received signal to extract a desired signal from the re- 
ceived signal. Conventionally, as an apparatus for can- 
celing interference signals, there are apparatuses de- 
scribed in 1) "Sequential Channel Estimation Type Se- 
rial Canceller Using a pilot Symbol in DS-CDMA (Tech- 
nical Bulletin, RCS95-50, July, 1995, Radio Communi- 
cation System Research Society of the Institute of Elec- 
tronics, Information and Communication Engineers)" 
authored by Sawahashi, Miki, Andoh, and Higuchi, 2) 
"Sequential Transmission Line Estimation Type CDMA 
Multistage Interference Canceller Utilizing a Symbol 
Replica Process (Technical Bulletin, RCS96-171, Feb- 
ruary, 1997, Radio Communication System Research 
Society of the Institute of Electronics, Information and 
Communication Engineers)" authored by Yoshida and 
Ushirokawa, and 3) "Study of CDMA Interference Can- 
celler in an Upstream Line(Technical Bulletin, 
RCS96-1 21 , January, 1 997, Radio Communication Sys- 
tem Research Society of the Institute of Electronics, In- 
formation and Communication Engineers)" written by 
Uesugi, Katoh, and Honma. The above three appara- 
tuses are hereinafter referred to as 1 ) a serial type in- 
terference canceller, 2) a parallel type interference can- 
celler, and 3) a symbol ranking type canceller. 



[0005] Here, it can be expected that the use of com- 
bination of the array antenna and the interference can- 
celler provide a larger interference cancellation effect 
than each independent use. 
s [0006] However, in the radio communication system 
that provides reception directivity to each channel cor- 
responding to each communication partner by use of the 
array antenna, degree of interference with respect to 
each communication partner is different from one com- 
munication partner to another. Accordingly, in the case 
of applying the interference canceller to such the sys- 
tem, it is necessary to individually provide the interfer- 
ence canceller to each channel corresponding to each 
communication partner. Hence, the simple combination 
of the array antenna and the interference canceller in- 
creases the amount of calculations and the apparatus 
scale, making it difficult to implement such an apparatus 
in consideration given to actual hardware, design. 

Disclosure of Invention 

[0007] It is an object of the present invention is to pro- 
vide a radio receiving apparatus and a radio receiving 
method that are capable of receiving a desired signal 
with high quality in an apparatus of small scale without 
providing an interference canceller to each channel cor- 
responding to each communication partner even when 
the array antenna and the interference canceller are 
combined. 

[0008] In order to attain the above object, the present 
invention generates a replica signal every signal re- 
ceived by each antenna of the array antenna to make it 
possible to receive a desired signal with high quality in 
an apparatus of small scale without providing an inter- 
ference canceller to each channel corresponding to 
each communication partner even when the array an- 
tenna and the interference canceller are combined. 
[0009] Particularly, the present invention is character- 
ized in that a reception weight by which an optimal ra- 
diation pattern is formed is calculated to improve an in- 
terference cancellation effect without limiting to a calcu- 
lation algorithm of the reception weight. Moreover, the 
present invention is characterized in that the reception 
weight is sequentially updated using a signal from which 
a interference signal is sequentially eliminated to se- 
quentially generate a radiation pattern with high reliabil- 
ity, whereby further improving the interference cancel- 
lation effect. 

Brief Description of Drawings 
[0010] 

FIG. 1 is a block diagram of a main part illustrating 
a schematic configuration of a radio receiving ap- 
paratus according to Embodiment 1 of the present 
invention; 

FIG. 2, is a block diagram of a main part illustrating 
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a schematic configuration of ICU of each of first and 
second stages of an interference signal canceling 
apparatus according to Embodiment 1 of the 
present invention; 

FIG. 3 is a block diagram of a main part illustrating 5 
a schematic configuration of ICU of a third stage of 
the interference signal canceling apparatus accord- 
ing to Embodiment 1 of the present invention; 
FIG. 4 is a view of a radiation pattern formed by a 
beam steering. 10 
FIG. 5 is a view of a radiation pattern formed by a 
null steering. 

FIG. 6 is a block diagram of a main part illustrating 
a schematic configuration of a radio receiving ap- 
paratus according to Embodiment 2 of the present 15 
invention; 

FIG. 7A is a view showing one example of a radia- 
tion pattern formed by each ICU of the radio receiv- 
ing apparatus according to Embodiment 2 of the 
present invention; 20 
FIG. 7B is a view showing one example of a radia- 
tion pattern formed by each ICU of the radio receiv- 
ing apparatus according to Embodiment 2 of the 
present invention; and 

FIG. 7C is a view showing one example of a radia- 25 
tion pattern formed by each ICU of the radio receiv- 
ing apparatus according to Embodiment 2 of the 
present invention. 

Best Mode for Carrying Out the Invention 30 

[0011] Embodiments of the present invention will be 
specifically described with reference to the drawings ac- 
companying herewith. 

35 

(Embodiment 1) 

[0012] FIG. 1 is a block diagram of a main part illus- 
trating a schematic configuration of a radio receiving ap- 
paratus according to Embodiment 1 of the present in- 40 
vention. The following will explain the case in which the 
number of stages of the interference canceller is 3, the 
number of communication partners is 3, and the number 
of multipaths is 3. It is noted that these numbers are just 
one example, and this Embodiment is not limited to 45 
these number. 

[0013] In addition, as illustrated in FIG. 1, since the 
first stage and the second stage have the same config- 
uration, the same reference numerals are added to the 
same structural parts, and the explanation of the second so 
stage is omitted. 

[0014] In FIG. 1, a signal received via an antenna 

101- 1 is inputted to ICUs (Interference Canceling Units) 

102- 1 to 102-3 and a delayer 103-1 provided to corre- 
spond to the antenna 101-1. Similarly, a signal received 55 
via an antenna 101-2 is inputted to ICUs 102-1 to 102-3 
and a delayer 103-2 provided to correspond to the an- 
tenna 101-2. 



[0015] ICUs 102-1 to 102-3 are provided to corre- 
spond to communication partners 1 to 3, respectively, 
and each generates a replica signal in connection with 
each of the signals received via the antennas 101-1 and 

101- 2. The replica signals generated by the ICUs 102-1 
to 102-3 are inputted to adders 104-1 and 104-2 provid- 
ed to correspond to the antennas 101-1 and 101-2, and 
are inputted to adders 105-1 and 105-2. The configura- 
tion of each of the ICUs 1 02-1 to 1 02-3 will be described 
later. 

[0016] The delayers 103-1 and 103-2 delay the re- 
ceived signals by processing time of ICUs 102-1 to 

102- 3, and each outputs the resultant to each of the 
adders 104-1 and 104-2. 

[0017] In the adder 104-1 , the replica signals of com- 
munication partners 1 to 3 for the signal received via the 
antenna 101-1 are subtracted from the signal received 
via the antenna 101-1 . Also, in the adder 104-2, the rep- 
lica signals of communication partners 1 to 3 for the sig- 
nal received via the antenna 101-2 are subtracted from 
the signal received via the antenna 101-2. This elimi- 
nates the replica signals of all communication partners 
from the signals received via the respective antennas. 
Signals (residual signals) obtained by eliminating the 
replica signals of all communication partners from the 
received signals are inputted to the adders 105-1 and 
105-2, respectively, and are inputted to the delayers 

103- 1 and 103-2 of the second stage. 

[0018] In the adders 105-1 and 105-2, the replica sig- 
nals for the signals received via the antennas 101-1 and 

101- 2 and the residual signals are added every commu- 
nication partner. This eliminates the replica signal of 
communication partner 1, the replica signal of commu- 
nication partner 2, the replica signal of communication 
partner 3 from the received signals every antenna. 
Namely, when attention is paid to communication part- 
ner 1 , the signal from communication partner 2 and the 
signal from communication partner 3, which cause in- 
terference with communication partner 1 , are eliminated 
from the received signal to obtain a desired signal for 
communication partner 1 every antenna. The similar 
processing is carried out, so that the signals of other 
communication partners causing interference are elim- 
inated from the received signals, so that the desired sig- 
nal for communication partner 2 and the desired signal 
for communication partner 3 can be obtained every an- 
tenna. The obtained desired signals are inputted to ICUs 

102- 1 to 102-3 of the second stage, respectively. 
[0019] According to the radio receiving apparatus of 
this embodiment, the same processing as performed in 
the first stage is repeated in the second stage, so that 
the accuracy of replica signal is improved and that of the 
interference signal cancellation is improved. In other 
words, the more the number of stages are increased, 
the more the inference signals sent from the other com- 
munication partners that cause interference with the re- 
spective communication partners are eliminated. 
[0020] The signals added by the adders 105-1 and 
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105- 2 of the second stage are inputted to ICUs 106-1 to 

106- 3 of the third stage, and are demodulated. This ob- 
tains demodulated signals 1 to 3 of the communication 
partners 1 to 3. The configuration of each of the ICUs 
106-1 to 106-3 will be described later. 5 
[0021 ] An explanation will be next given of ICUs 1 02-1 
to 102-3 and ICUs 106-1 to 106-3. FIG. 2 is a block di- 
agram of a main part illustrating a schematic configura- 
tion of ICU of each of first and second stages of an in- 
terference signal canceling apparatus according to Em- 
bodiment 1 of the present invention. Also, FIG. 3 is a 
block diagram of a main part illustrating a schematic 
configuration of ICU of a third stage of the interference 
signal canceling apparatus according to Embodiment 1 
of the present invention. Additionally, ICUs 102-1 to 
1 02-3 of the first and second stages have the same con- 
figuration and operation, respectively. Also, ICUs 106-1 
to 106-3 of the third stage have the same configuration 
and operation. Accordingly, in the explanation set forth 
below, the ICU 102-1 of the first stage and thelCU 106-1 
of the third stage corresponding to the communication 
partner 1 are explained, and the explanation of the re- 
spective ICUs corresponding to the communication 
partner 2 and the communication partner 3 is omitted. 
Moreover, the ICU 102-1 shown in FIG. 2 and the ICU 
106-1 shown in FIG. 3 are configured on the assumption 
that the number of multipath to the radio receiving ap- 
paratus is 3. In FIGS. 2 and 3, the respective configura- 
tion parts for the respective paths are shown by P1 to 
P3, respectively. Since the respective configuration 
parts for the respective paths have the same configura- 
tion and operation, only the first path P1 is illustrated, 
and the explanation of the second path P2 and third path 
P3 is omitted. 

[0022] In FIG. 2, the ICU 102-1 briefly includes a pre- 
ceding stage S1 in which the signals received by the 
respective antennas 101-1 and 101-2 are subjected to 
despreading and then the resultants are multiplied by 
reception weights of the receptive antennas, respective- 
ly, an intermediate stage S2 in which RAKE combining 
and provisional decision are carried out, and the last 
stage S3 in which the signal subjected to provisional de- 
cision is multiplied by a weighting factor for generating 
a replica signal (hereinafter referred to as "replica 
weight") to generate a replica signal. 
[0023] The signal received via the antenna 101-1 is 
despread by a despreading section 201-1 and the signal 
received via the antenna 101-2 is despread by a de- 
spreading section 201-2. Despread signals X 1 and X 2 
are inputted to multipliers 202-1, 202-2, a reception 
weight calculation section 203, and an arrival direction 
estimation section 204. 

[0024] The reception weight calculation section 203 
calculates weights W-, and W 2 of each antenna, and out- 
puts the resultants to multipliers 202-1 and 202-2, and 
a replica weight calculation section 211. Since the re- 
ception weight calculation section 203 is provided every 
path and every communication partner, making it pos- 



sible to calculate the reception weights each being dif- 
ferent every path and every user. The calculation meth- 
od for the reception weight will be described later. 
[0025] The arrival direction estimation section 204 es- 
timates a direction of arrival of the received signal every 
antenna, and outputs steering vectors S-, and S 2 of the 
respective antennas to the replica weight calculation 
section 211 , and the arrival direction estimation section 
204 of the second stage. Here, the reason why the ar- 
rival direction estimation section 204 of the first stage 
outputs the steering vectors S-, and S 2 to the arrival di- 
rection estimation section 204 of the second stage is as 
follows. Specifically, the arrival direction estimation sec- 
tion 204 of the second stage averages the steering vic- 
tors calculated in the first stage and the steering victors 
calculated in the second stage every path, and uses the 
resultant as a steering vector in the second stage. This 
makes it possible to increase the accuracy of the steer- 
ing vector as the operation goes to the last stage. In oth- 
er words, the accuracy of the direction of arrival can be 
improved as the operation goes to the last stage, making 
it possible to improve the accuracy of the calculation of 
the replica weight. 

[0026] Here, since the signal inputted to each stage 
is a signal from which an interference signal is eliminat- 
ed in the previous stage, the signal whose interference 
state changes every stage is inputted. Hence, according 
to this embodiment, the reception weight calculation 
section 203 and the arrival direction estimation section 
204 are provided on a stage-by-stage basis. This makes 
it possible to adaptively change the radiation pattern in 
accordance with the state of the inference signal at this 
point on the stage-by-stage basis. Hence, according to 
this embodiment, the radiation pattern and the replica 
signal can be accurately generated. This eliminates the 
useless processing wherein interference cancellation 
using directional control is further performed to interfer- 
ence that can be sufficiently cancelled by only interfer- 
ence cancellation processing, conversely; interference 
cancellation processing is further performed to interfer- 
ence that can be sufficiently cancelled by only direction- 
al control. 

[0027] Moreover, according to this embodiment, the 
direction of arrival of the signal from which the interfer- 
ence signals are sequentially cancelled is estimated. 
Hence, the accuracy of estimation of the direction of ar- 
rival is improved as the operation goes to the last stage. 
Accordingly, since the interference cancellation having 
good performance can be carried out with a relatively 
small number of stages, the apparatus scale can be re- 
duced. 

[0028] Despread signals and X 2 are multiplied by 
reception weights W 1 and W 2 by the multipliers 202-1 
and 202-2, respectively, and the resultant is added by 
an adder 205. This carries out array combining. The sig- 
nal subjected to array combining is outputted to a chan- 
nel estimation section 206 and is outputted to a multipli- 
er 207. 
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[0029] The channel estimation section 206 performs 
the channel estimation based on the signal subjected to 
the array combining, and outputs the resultant to a com- 
plex conjugate h a * of a channel estimation value h a to 
the multiplier 207, and outputs the channel estimation s 
value h a to a multiplier 210. The multiplier 207 multiplies 
the signal subjected to the array combining by the com- 
plex conjugate h a * of the channel estimation value. This 
compensates for phase rotation of the signal subjected 
to the array combining. 10 
[0030] The signal, which has been subjected to the 
array combining of each of paths P1 to P3 and which 
has been multiplied by the complex conjugate h a * of the 
channel estimation value, is subjected to RAKE combin- 
ing by an adder 208 of the intermediate stage S2. The « 
result obtained by RAKE combining is temporarily de- 
cided by a decider 209. A signal d subjected to tempo- 
rarily decision is multiplied by the channel estimation 
value h a by a multiplier 210 for each of paths P1 to P3, 
and the resultant is inputted to multipliers 212-1 and 20 
212-2, respectively. 

[0031] A replica weight calculation section 211 calcu- 
lates replica weights W r1 and W r2 using reception 
weights W 1 and W 2 and steering vectors S 1 and S 2 , and 
outputs the resultant to the multipliers 212-1 and 212-2, 25 
respectively. The method for calculating the replica 
weight will be described later. 

[0032] The multipliers 212-1 and 212-2 multiply the 
signals outputted from the multiplier 210 by replica 
weights W r1 and W r2 , respectively. This obtains replica 30 
signals X r1 and X r2 corresponding to X 1 and X 2 , respec- 
tively. The replica signals Xr., and Xr 2 are spread by re- 
spreading sections 213-1 and 213-2, respectively, and 
the resultants are inputted to adders 214-1 and 214-2. 
The replica signals Xr., and Xr 2 re-spread for each of 35 
paths P1 to P3 are added by adders 214-1 and 214-2, 
respectively, and the resultants are inputted to adders 
105-1 and 105-2. 

[0033] Next, the ICU 106-1 of the third stage will be 
described. As illustrated in FIG. 3, the ICU 106-1 of the 40 
third stage has substantially the same structure as that 
of the preceding stage S1 and that of the intermediate 
stage S2 of the ICU 102-1 of FIG. 2. Accordingly, the 
same reference numerals are added to the same con- 
figuration parts as those of the ICU 1 02-1 of FIG. 2, and 45 
the explanation of the ICU 106-1 of the third stage will 
be omitted. The ICU 106-1 is different from the ICU 
102-1 in the point that there is no the arrival direction 
estimation section 204 provided in the ICU 102-1. This 
is because in the third stage, demodulated signal 1 is so 
outputted instead of the replica signal, and therefore the 
replica weight necessary for generating the replica sig- 
nals not required, whereby steering vector necessary for 
calculating the replica weight is not required also. 
[0034] An explanation will be next given of the method 55 
for calculating the reception weights W-, and W 2 , and 
the method for calculating the replica weights W r1 and 
W r2 . 



[0035] The method of directional control using the ar- 
ray antenna is largely divided into directional control car- 
ried out by a beam steering and directional control car- 
ried out by a null steering. 

[0036] The beam steering is a method in which inter- 
ference from the other communication partners is elim- 
inated by generating such a radiation pattern that directs 
directivity to a direction where a desired communication 
partner exists. On the other hand, the null steering is a 
method in which interference from the other communi- 
cation partners is eliminated by generating a radiation 
pattern that forms a null point in a direction where a de- 
sired communication partner exists. 
[0037] In the case of performing array reception using 
the beam steering, the signals received by the respec- 
tive antennas are multiplied by in-phase addition 
weights as reception weights W 1 and W 2 such that the 
signals received by the respective antennas are added 
in a state that they all are in phase with each other. Here, 
the in-phase addition weights are weights that adjust on- 
ly phases of the signals received by the respective an- 
tenna. For this reason, in the case of using the in-phase 
addition weights as reception weights W 1 and W 2 , the 
signals subjected to provisional decision are multiplied 
by complex conjugates of reception weights W 1 and W 2 
as replica weights Wr, and Wr 2 in order to return the 
adjusted phases to the original. This makes it possible 
to generate replica signals Xr 1 and Xr 2 for each antenna. 
[0038] However, in the case of the beam steering 
(namely, in-phase addition weight), the radiation pattern 
is not in a pointed form as illustrated in FIG. 4. Moreover, 
in the case of the beam steering, control is performed 
in such a way that the center of the radiation pattern is 
directed to the direction where a desired communication 
partner exists. For this reason, when the direction where 
the desired communication partner exists and the direc- 
tion where the communication partner, which causes in- 
terference, exists are close to each other or when trans- 
mission power of the communication partner, which 
causes interference, is greater than that of the desired 
communication partner, it is impossible to sufficiently 
eliminate interference with respect to the desired com- 
munication partner. 

[0039] Morespecifically, as illustrated in FIG. 4, when 
communication partner 2 exists closely in the direction 
where a desired communication partner 1 exists, the 
signal sent from the communication partner 2 that caus- 
es interference with the communication partner 1 cannot 
be fully eliminated in the case of the beam steering. For 
this reason, the gain of the desired communication part- 
ner 1 becomes extremely small as compared with the 
case in which there is no interference from the commu- 
nication partner 2. 

[0040] On the other hand, in the case of the null steer- 
ing, such a radiation pattern that directs the null point to 
the direction, where the communication partner 2 that 
causes interference exists, is formed in connection with 
the desired communication partner 1 as illustrated in 
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FIG. 5. This makes it possible to fully eliminate the signal 
sent from the communication partner 2 that causes in- 
terference with the communication partner 1. As a re- 
sult, the gain of the desired communication partner 1 
becomes extremely large as compared with the case of 
using the beam steering. In this way, it is useful to per- 
form the array reception using the null steering at the 
time of eliminating the interference signal. 
[0041] Accordingly, the radio receiving apparatus of 
this embodiment performs the array reception using the 
null steering. In other words, the reception weight cal- 
culation section 203 shown in FIG. 2 calculates recep- 
tion weights and W 2 by a control algorithm using, for 
example, MMSE (Minimum Means Square Error) as a 
code so as to obtain the null point. 
[0042] However, reception weights W 1 and W 2 thus 
obtained are not the weights that adjust only the phases 
of the signals received by the respective antennas. 
Hence, in the case of performing the array reception us- 
ing the null steering, replica signals X r1 and X r2 for every 
antenna cannot be generated by multiplying the signals 
subjected to provisional decision by complex conju- 
gates of reception weights W 1 and W 2 as replica weights 
W M and W r2 . 

[0043] For this reason, according to this embodiment, 
the replica weight calculation section 211 shown in FIG. 
2 calculates a replica weight W rk in the following way. 
Additionally, in this embodiment, since the number of ar- 
ray antennas is two, k is 1 or 2. 
[0044] It is assumed that a signal subjected to provi- 
sional decision by the decider 209 is d, a steering vector 
of each antenna obtained by the arrival direction esti- 
mation section 204 is S k and a channel estimation value 
of a signal X k received by each antenna is h. The replica 
signal X rk can be expressed by the following equation 
(1): 



X rk = dhS k 



(1) 



[0045] Additionally, since it is assumed that fading 
correlation between the array antennas is 1 , the channel 
estimation values of the signals received by the respec- 
tive antennas are all h. 

[0046] Moreover, it is assumed that the channel esti- 
mation value of the signal subjected to array combining 
obtained by the channel estimation section 206 is h a and 
a reception weight by which the signal X k received by 
each antenna is multiplied is W k . The following equation 
is established. 



(2) 



where n denotes the number of antenna. 
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[0047] Substitution of equation (1) into equation (2) 
yields the following equation (3): 



"2 



dha-XdhStm 



(3) 



[0048] From the equation (3), the following equation 
(4) is established: 



l SkWk 



(4) 



[0049] Next, substitution of equation (4) into equation 
(1) yields the following equation (5): 



Xrk 



dSkha 



(5) 



[0050] Moreover, the replica signal X rk can be ex- 
pressed by the following equation (6): 



X rk =dh a W rk 



(6) 



[0051] Then, comparison between equation (5) and 
(6) is performed and the following equation (7) can be 
obtained as a replica weight W rk by the replica weight 
calculation section 211. 



Wrk 



Sk 



(7) 



SkWk 



[0052] Accordingly, the radio receiving apparatus of 
this embodiment can calculate the replica weight W rk 
without limitation of the kinds of the reception weights 
even if any kind of reception weight is used as a recep- 
tion weight W k . 

[0053] Therefore, the radio receiving apparatus of this 
embodiment can generate the replica signal X rk every 
antenna even if the replica weight W rk is not the complex 
conjugate of the reception weight W k . In other words, 
since the kind of reception weight used in the radio re- 
ceiving apparatus of this embodiment is not limited to 
the in-phase addition weight, the radio receiving appa- 
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ratus of this embodiment can perform the array recep- 
tion using the null steering having high interference can- 
cellation effect. 

[0054] The above has explained the case in which the 
array reception is performed using the null steering as 5 
one example. The radio receiving apparatus of this em- 
bodiment can generate the replica signal even if any 
kind of reception weight is used, so that the method of 
the array reception is not limited to the null steering. 
[0055] For example, in the case where the radio re- 10 
ceiving apparatus of this embodiment performs the ar- 
ray reception using the beam steering, the arrival direc- 
tion estimation section 204 outputs the steering vector 
S k to the reception weight calculation section 203, and 
the reception weight calculation section 203 calculates is 
the reception weight W k as a complex conjugate S k * of 
the steering vector S k . 

[0056] Namely, W k in the above equation (7) is equal 
to S k *. 

20 

W k =S k * (8) 

[0057] Accordingly, the replica weight calculation sec- 
tion 211 calculates the replica weight W rk using the 25 
above equation (7) to obtain the following equation (9): 

W rk =S k (9) 

30 

[0058] Accordingly, since the replica weight W rk 
serves as a complex conjugate of the reception weight 
W k , the radio receiving apparatus of this embodiment 
can use the in-phase addition weight also as a reception 
weight W k . 35 
[0059] In this way, according to the radio receiving ap- 
paratus and the radio receiving method of this embodi- 
ment, the array reception is performed using the optimal 
directional control method in order to improve the inter- 
ference cancellation effect without limiting to a calcula- 40 
tion algorithm of the reception weight, and the replica 
signal can be generated every signal received by each 
antenna of the array antenna. This makes it possible to 
receive a desired signal with high quality in an apparatus 
of small scale even when the array antenna and the in- 45 
terference canceller are combined. 
[0060] Moreover, according to the radio receiving ap- 
paratus and the radio receiving method of this embodi- 
ment, the reception weight can be updated in accord- 
ance with the change in the state of interference. This 50 
makes it possible to generate the radiation pattern and 
the replica signal accurately. 

Accordingly, according to the radio receiving apparatus 
and the radio receiving method of this embodiment,' 
since the interference cancellation having good per- 55 
formance can be carried out with a relatively small 
number of stages, the apparatus scale can be reduced. 



[0061] Still' moreover, according to the radio receiving 
apparatus and the radio receiving method of this em- 
bodiment, since, the accuracy of the estimation of the 
direction of arrival can be improved as the operation 
goes to the last stage, the accuracy of the calculation of 
the replica weight can be improved. 

(Embodiment 2) 

[0062] The radio receiving apparatus and the radio re- 
ceiving method of this embodiment are to eliminate the 
interference signals sequentially every communication 
partner in one stage and to update the reception weights 
sequentially every communication partner in one stage. 
[0063] FIG. 6 is a block diagram of a main part illus- 
trating a schematic configuration of a radio receiving ap- 
paratus according to Embodiment 2 of the present in- 
vention. Additionally, ICUs 606-1 to 606-3 shown in FIG. 
6 have the same configuration as that of the ICU 1 02-1 
shown in FIG. 2, and the detailed explanation of each 
ICU is omitted. It is noted that the ICU 606-1 and 606-2 
of the third stage shown in FIG. 6 adopt the configuration 
that output the replica signal and output demodulated 
signal 1 and 2, respectively. Also, the ICU 606-3 of the 
third stage shown in FIG. 6 adopts the same configura- 
tion as that of the ICU 106-1 shown in FIG. 3 so as to 
output a demodulated signal'3. 
[0064] In addition, as illustrated in FIG. 6, since the 
first to third stages have the same configuration, the 
same reference numerals are added to the same struc- 
tural parts, and the explanation of the second and third 
stages are omitted. 

[0065] Signals received via antennas 601-1 and 
601-2 are inputted to delayers 602-1 ,602-2, and 603-1 , 

603- 2, respectively. The received signals inputted to the 
delayers 602-1,602-2 are delayed by a given time and 
outputted to the second stage. The received signals in- 
putted to the delayers 603-1 ,603-2 are delayed by a giv- 
en time, and outputted to the ICU 606-1 and outputted 
to delayers 604-1 and 604-2. 

[0066] In the ICU 606-1 , a reception weight, a steering 
vector, and a replica signal of the communication part- 
ner 1 are generated every antenna based on the re- 
ceived signal. The replica signal of the communication 
partner 1 generated every antenna is inputted to each 
of adders 607-1 and 607-2, and the steering vector eve- 
ry antenna is inputted to the ICU 606-1 of the second 
stage. 

[0067] In the adders 607-1 and 607-2 connected to 
the delayers 604-1, 604-2, the replica signals of the 
communication partner 1 are eliminated from the re- 
ceived signals delayed by the delayers 604-1, and' 

604- 2. 

[0068] In the ICU 606-2, a reception weight, a steering 
vector, and a replica signal of the communication part- 
ner 2 are generated every antenna based on a signal 
obtained by eliminating the replica signal of the commu- 
nication partner 1 , from the received signal. The replica 
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signal of the communication partner 2 generated every 
antenna is inputted to each of next adders 607-1 and 
607-2, and the steering vector every antenna is inputted 
to the ICU 606-2 of the second stage. 
[0069] In the adders 607-1 and 607-2 connected to 5 
the delayers 605-1 , 605-2, the replica signals of the 
communication partner 1 and those of the communica- 
tion partner 2 are eliminated from the received signals 
delayed by the delayers 605-1 , and 605-2. 
[0070] Then, in the ICU 606-3, a reception weight, a 
steering vector, and a replica signal of the communica- 
tion partner 3 are generated every antenna based on a 
signal obtained by eliminating the replica signal of the 
communication partner 1 and the replica signal of the 
communication partner 2 from the received signal. 
[0071] In this way, since each ICU in one stage cal- 
culates the reception weight based on the signal from 
which the interference signals are sequentially eliminat- 
ed, the reception weights are sequentially updated eve- 
ry communication partner in one stage. 
[0072] An explanation will be next given of the radia- 
tion pattern generated by each ICU of the first stage us- 
ing FIGS. 7A to 7C. FIG. 7A to FIG. 7C are view each 
showing an example of a radiation pattern formed by 
each ICU of the radio receiving apparatus according to 
Embodiment 2 of the present invention. In FIGS. 7A to 
7C, it is assumed that the wider the width of the arrow 
becomes, the larger transmission power becomes. 
[0073] First, all signals sent from the communication 
partners 1 to 3 are contained in the signals inputted in 
the ICU 606-1. It is assumed that the ICU 606-1 per- 
forms the array reception using the null steering. In the 
ICU 606-1 , as shown in FIG. 7A, the radiation pattern is 
generated in such a way that the null point is directed to 
the direction where the communication partner 2 exists. 
This makes it possible for the ICU 606-1 to generate the 
replica signal after eliminating interference received 
from the communication partner 2. As a result, the rep- 
lica signal of the communication partner 1 can be accu- 
rately generated. 

[0074] The reason why the null point is not directed to 
the direction where the communication partner 3 exists 
is as follows: 

[0075] Since the number of antennas is two, the 
number of null points that can be generated is only one, 
with the result that the null point is formed in the direction 
where the communication partner 2 providing a large 
quality of interference exists. 

[0076] Since the replica signal of the communication 
partner 1 is eliminated from the received signal by the 
adders 607-1 and 607-2 connected to the delayers 
604-1 and 604-2, only the signals sent from the commu- 
nication partners 2 and 3 are contained in the signals 
inputted to the ICU 606-2. Accordingly, in the ICU 606-2, 
as illustrated in FIG. 7B, the radiation pattern is gener- 
ated in such a way that the null point is directed to the 
direction where the communication partner 3 exists. 
This makes it possible for the ICU 606-2 to generate the 



replica signal after eliminating interference received 
from the communication partner 3 from the signals from 
which interference received from the communication 
partner 1 is eliminated. As a result, the replica signal of 
the communication partner 2 can be accurately gener- 
ated. 

[0077] Then, since the replica signals of the commu- 
nication partners 1 and 2 are eliminated from the re- 
ceived signals by the adders 607-1 and 607-2 connect- 
ed to the delayers 605-1 and 605-2, only the signal sent 
from the communication partner 3 is inputted to the ICU 
606-3. Accordingly, in the ICU 606-3, as illustrated in 
FIG. 7C, the radiation pattern is generated in such a way 
that the beam point is directed to the direction where the 
communication partner 3 exists. This makes it possible 
to generate the replica signal of the communication part- 
ner 3 accurately. 

[0078] Embodiment 1 has explained the radio receiv- 
ing apparatus in which the array antenna and the paral- 
lel type interference canceller are combined. In the radio 
receiving apparatus of embodiment 1, the parallel type 
interference canceller is used, so that the inference sig- 
nals of the respective communication partners are si- 
multaneously eliminated in parallel in one stage. For this 
reason, in Embodiment 1 , each ICU in one stage calcu- 
lates the reception weights without considering the in- 
terference signals to be eliminated in the stage. 
[0079] In contrast to this, the radio receiving appara- 
tus of Embodiment 2 is the radio receiving apparatus in 
which the array antenna and the serial type interference 
canceller are combined as illustrated in FIG. 6. For this 
reason, in the radio receiving apparatus of this embod- 
iment, the interference signals are sequentially eliminat- 
ed for every communication partner in one stage. Ac- 
cordingly, in the radio receiving apparatus of this em- 
bodiment, the signals from which interference signals 
are sequentially eliminated are inputted to each ICU in 
one stage. 

[0080] In other words, each ICU of the radio receiving 
apparatus of this embodiment calculates the reception 
weights with respect to the signals from which the inter- 
ference signals are sequentially eliminated in one stage. 
Hence, as compared with each ICU of the radio receiv- 
ing apparatus of Embodiment 1, it is possible to calcu- 
late the reception weights with respect to the signals 
having a small amount of interference. Accordingly, the 
radio receiving apparatus of this embodiment can gen- 
erate the radiation pattern and the replica signal more 
accurately as compared with Embodiment 1. This 
makes it possible to obtain high interference cancella- 
tion capability even if the number of stages is further 
reduced as compared with Embodiment 1 . Therefore, it 
is possible to further reduce the apparatus scale. 
[0081] Thus, according to the radio receiving appara- 
tus and the radio receiving method according to this em- 
bodiment, the interference signals are sequentially elim- 
inated every communication partner in one stage to up- 
date the reception weights sequentially every commu- 



15 



20 



25 



30 



35 



40 



45 



50 



8 



15 



EP 1 170 879 A1 



16 



tion weighting factors with respect to received 
signals received by the respective antenna el- 
ement composing an adaptive array antenna; 
an arrival direction estimation section for esti- 
5 mating directions of arrival of said received sig- 

nals; 

a second calculation section for calculating 
weighting factors for a replica signal generation 
in accordance with said reception weighting 
10 factors and said directions of arrival; 

a replica signal generator for generating replica 
signals of each of said received signals using 
said weighting factors for a replica signal gen- 
eration; and 

15 an eliminator for eliminating said replica signals 

from said received signals. 

2. The radio receiving apparatus according to claim 1 , 
wherein 

20 

said first calculation section calculates recep- 
tion weighting factors by which a radiation pat- 
tern is formed in such a way that a null point is 
directed to a direction where an interference 
25 signal source exists. 



nication partner in one stage. This makes it possible to 
improve the accuracy of the radiation pattern and that 
of the replica signal. Therefore, according to the radio 
receiving apparatus and the radio receiving method ac- 
cording to this embodiment, it is possible to obtain high 
interference cancellation capability even if the number 
of stages is further reduced as compared with Embodi- 
ment 1 , and this makes it possible to further reduce the 
apparatus scale. 

[0082] Additionally, in Embodiments 1 and 2, the 
method for estimating the direction of arrival is not par- 
ticularly limited. The estimation of the direction of arrival 
aims to obtain the steering vector S k every antenna. For 
this reason, the radio receiving apparatus of Embodi- 
ment 1 and 2 may obtain the steering vector S k using 
any method as long as the steering vector S k can be 
obtained. For example, the radio receiving apparatus of 
Embodiment 1 and 2 calculate the correlation value be- 
tween the signal received by each antenna and the 
known signal to make it possible to obtain the steering 
vector S k . 

[0083] Embodiment 1 has explained the radio receiv- 
ing apparatus in which the array antenna and the paral- 
lel type interference canceller are combined. Embodi- 
ment 2 has explained the radio receiving apparatus in 
which the array antenna and the serial type interference 
canceller are combined. However, the present invention 
can be applied to the radio receiving apparatus in which 
the array antenna and the symbol ranking type interfer- 
ence canceller are combined. 
[0084] As explained above, according to the present 
invention, even if the array antenna and the interference 
canceller are combined, it is possible to receive a de- 
sired signal with high quality in an apparatus of small 
scale without providing an interference canceller to each 
channel corresponding to each communication partner. 
[0085] This application is based on the Japanese Pat- 
ent Application No. 2000-010878 filed on January 19, 
2000, entire content of which is expressly incorporated 
by reference herein 

Industrial Applicability 

[0086] The present invention is suitable for use in a 
mobile station apparatus and a base station apparatus 
in a mobile communication system. In the case of appli- 
cation, it is possible to receive a desired signal with high 
quality in an apparatus of small scale even if the array 
antenna and the interference canceller are combined in 
the mobile station apparatus and the base station appa- 
ratus. 



Claims 

1. A radio receiving apparatus comprising: 

a first calculation section for calculating recep- 



3. The radio receiving apparatus according to claim 1 , 
comprising 

30 a plurality of processors each having said first 

calculation section, said arrival direction esti- 
mation section, and said eliminator, as a multi- 
stage. 

35 4. The radio receiving apparatus according to claim 3, 
wherein 



in the processor of a latter stage, 
said first calculation section calculates the re- 
40 ception weighting factors with respect to the 

signals obtained by eliminating the replica sig- 
nals from the received signals by said elimina- 
tor in a preceding stage, whereby updating the 
reception weighting factors sequentially. 

45 

5. The radio receiving apparatus according to claim 3, 
wherein 

in the processor of a latter stage, 
50 said arrival direction estimation section esti- 

mates the directions of arrival of the signals ob- 
tained by eliminating the replica signals from 
the received signals by said eliminator in a pre- 
ceding stage. 

55 

6. The radio receiving apparatus according to claim 5, 
wherein 
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in the processor of a latter stage, 
said arrival direction estimation section esti- 
mates the directions of arrival using an average 
value of calculated steering vectors in a given 
interval. 5 

7. A mobile station apparatus having a radio receiving 
apparatus thereon, said radio receiving apparatus 
comprising: 

10 

a first calculation section for calculating recep- 
tion weighting factors with respect to received 
signals received by the respective antenna el- 
ement composing an adaptive array antenna; 
an arrival direction estimation section for esti- 15 
mating directions of arrival of said received sig- 
nals; 

a second calculation section for calculating 
weighting factors for a replica signal generation 
in accordance with said reception weighting 20 
factors and said directions of arrival; 
a replica signal generator for generating replica 
signals of each of said received signals using 
said weighting factors for a replica signal gen- 
eration; and 25 
an eliminator for eliminating said replica signals 
from said received signals. 

8. A base station apparatus having a radio receiving 
apparatus thereon, said radio receiving apparatus 30 
comprising: 

a first calculation section for calculating recep- 
tion weighting factors with respect to received 
signals received by the respective antenna el- 35 
ement composing an adaptive array antenna; 
an arrival direction estimation section for esti- 
mating directions of arrival of said received sig- 
nals; 

a second calculation section for calculating 40 
weighting factors for a replica signal generation 
in accordance with said reception weighting 
factors and said directions of arrival; 
a replica signal generator for generating replica 
signals of each of said received signals using 45 
said weighting factors for a replica signal gen- 
eration; and 

an eliminatorfor eliminating said replica signals 
from said received signals. 

50 

9. A radio receiving method comprising the steps of: 

calculating reception weighting factors with re- 
spect to received signals received by the re- 
spective antenna element composing an adap- 55 
tive array antenna; 

estimating directions of arrival of said received 
signals; 



calculating weighting factors for a replica signal 
generation in accordance with said reception 
weighting factors and said directions of arrival; 
generating replica signals of each of said re- 
ceived signals using said weighting factors for 
a replica signal generation; and 
eliminating said replica signals from said re- 
ceived signals. 
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